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ABSTRACT

A process of treating a lignocellulosic material includes a
pre-extraction step in which hemicellulose is extracted from
the lignocellulosic material. Then, in a solvent pulping step,
the lignocellulosic material is separated into pulp by contact-
ing the lignocellulosic material with a cooking liquor com-
prising a solvent. In one embodiment, the solvent has a boil-
ing point of at least about 150° C. In another embodiment, the
cooking liquor comprises a mixture of solvent and water.
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PRE-EXTRACTION AND SOLVENT PULPING
OF LIGNOCELLULOSIC MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of copend-
ing U.S. application Ser. No. 11/640,820, filed Dec. 18, 2006,
the disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates in general to processes of
treating lignocellulosic materials and in particular to a pro-
cess of producing a lignocellulosic pulp such as a wood pulp.
[0003] Lignocellulosic materials, such as wood, are plant
materials made up primarily of cellulose, hemicellulose and
lignin. The cellulose is the chief structural element and major
constituent of the plants. It consists of a fibrous cellulose
portion made from polymeric chains that are aligned with one
another and form strong associated bonds with adjacent
chains. The lignin is a three-dimensional polymeric material
that bonds the cellulosic fibers and is also distributed within
the fibers themselves. Lignin is largely responsible for the
strength and rigidity of the plants. The hemicellulose is a
polysaccharide that is a component of the cell walls of the
plants.

[0004] The wood is converted to pulp for use in paper
manufacturing. Pulp comprises wood fibers capable of being
slurried or suspended and then deposited on a screen to form
a sheet of paper. There are two main types of pulping tech-
niques: mechanical pulping and chemical pulping. In
mechanical pulping, the wood is physically separated into
individual fibers. In chemical pulping, the wood chips are
digested with chemical solutions to solubilize portions of the
lignin and hemicellulose and thus permit their removal in the
waste pulping liquor.

[0005] The commonly used chemical pulping processes
include the kraft process, the sulfite process, and the soda
process. The kraft process is the most commonly used and
involves digesting the wood chips in an aqueous solution of
sodium hydroxide and sodium sulfide. Environmental and
economic limitations associated with the kraft process, how-
ever, have stimulated a search for alternative pulping pro-
cesses.

[0006] Solvent pulping is an alternative to the kraft process
in which delignification of wood chips is accomplished by
fragmentation of the lignin by the dissolving action of solvent
used in the cooking liquor. Low boiling temperature solvents
are normally used in a solvent pulping process.

SUMMARY OF THE INVENTION

[0007] This invention relates to a process of treating a
lignocellulosic material. In a pre-extraction step, hemicellu-
lose is extracted from the lignocellulosic material. Then, in a
solvent pulping step, the lignocellulosic material is separated
into pulp by contacting the lignocellulosic material with a
cooking liquor comprising a solvent. In one embodiment, the
solvent has a boiling point of at least about 150° C. In another
embodiment, the cooking liquor comprises a mixture of sol-
vent and water.

[0008] Various aspects of this invention will become appar-
ent to those skilled in the art from the following detailed
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description of the preferred embodiments, when read in light
of the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

[0009] FIG. 1 is a block diagram of a process of treating a
wood chips to produce pulp, the process including pre-extrac-
tion and solvent pulping steps according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0010] The lignocellulosic material which is treated in the
process can be any plant material made up primarily of cel-
Iulose, hemicellulose and lignin. In some embodiments the
lignocellulosic material is wood, such as hardwood or soft-
wood. The lignocellulosic material can be in any suitable
form at the start of the process. In some embodiments the
lignocellulosic material is in a comminuted form, for example
in the form of wood chips. FIG. 1 is a block diagram of a
process according to one embodiment of the invention. It is
seen that the process starts with wood chips.

[0011] As shown in FIG. 1, the wood chips are subjected to
a pre-extraction step of the process. Conventional wood pulp-
ing processes do not include such a pre-extraction step. In the
pre-extraction step, hemicellulose and other components are
extracted from the wood chips. In some embodiments, the
pre-extraction step extracts at least about 4%, more particu-
larly at least about 8%, of the lignocellulosic material as
measured on a dry material weight basis.

[0012] The hemicellulose extraction can be accomplished
in any suitable manner. In one embodiment, the hemicellu-
lose is extracted by contacting the lignocellulosic material
with an aqueous solution that includes a basic material such as
an alkali material. Any suitable basic material can be used in
the pre-extraction step. Some nonlimiting examples include
alkali metal hydroxides, alkali metal borates, alkali metal
carbonates, and mixtures thereof.

[0013] The pre-extraction step can be conducted using any
suitable process equipment and conditions. In one embodi-
ment, the lignocellulosic material is soaked in the aqueous
solution such that it becomes impregnated with the solution,
and the temperature of the solution is raised and held at an
elevated temperature for a suitable time to reach the desired
pH. In some embodiments the conditions of the pre-extrac-
tion step include a temperature of extraction as for example
within a range of from about 110° C. to about 200° C., e.g.
from 130° C. to about 180° C., or from about 135° C. to about
170° C., and a time of extraction within a range of from about
30 minutes to about 150 minutes, e.g., from about 45 minutes
to about 120 minutes.

[0014] Contacting the lignocellulosic material with the
aqueous solution during the pre-extraction step may cause
acidic material(s) to be released from the lignocellulosic
material into the solution. For example, such acidic materials
may include wood sugars and to a lesser extent lignin. The
wood sugars include the extracted hemicellulose and other
sugars. In one embodiment, the aqueous solution at the begin-
ning of the pre-extraction step is sufficiently basic to at least
partly neutralize the acidic material(s) released during the
extraction, so that the aqueous solution at the end of the
pre-extraction step has a pH within a range of from about 4.5
to about 11.0, e.g. from about 5 to about 10 or from about 5 to
about 9.5, when measured at a temperature of 20° C. In a
particular embodiment, the aqueous solution at the end of the
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pre-extraction step is a near-neutral solution having a pH
within a range of from about 6 to about 8.

[0015] In another embodiment, the pre-extraction step is
conducted by soaking the lignocellulosic material in water or
a water/solvent mixture, without using a sodium containing
material or a sulfur containing additive. However, a potas-
sium containing material may be included in the water in one
embodiment. A presteaming step may be included before the
soaking.

[0016] The process may further include a solution removal
step, following the pre-extraction step, in which at least part
of the aqueous solution including extracted hemicellulose is
removed from the lignocellulosic material. In one embodi-
ment at least about 60 wt %, e.g., at least about 75 wt %, of the
aqueous solution is removed from the lignocellulosic mate-
rial. The solution can be removed/withdrawn in any suitable
manner.

[0017] In one embodiment, at least part of the aqueous
solution removed from the lignocellulosic material is
recycled by adding it to the aqueous solution at the beginning
of the pre-extraction step. The process shown in FIG. 1
includes recycling of part of the removed aqueous solution.
The recycling reduces the water concentration and increases
the dissolved solids (e.g., sugar) concentration in the aqueous
solution.

[0018] The process of treating a lignocellulosic material
also includes a solvent pulping step. In the solvent pulping
step, the lignocellulosic material is separated into pulp by
contacting the material with a cooking liquor comprising a
solvent. Solvent penetration and diffusion of lignin out of the
material may be significantly facilitated by the hemicellulose
pre-extraction, thus resulting in faster delignification during
the pulping step.

[0019] Any solvent can be used in the pulping step that is
suitable for separating the lignocellulosic material into pulp
by dissolving the lignin. In some embodiments, the solvent
may have a boiling point around or above the softening tem-
perature of lignin in wood. For example, the solvent may have
a boiling point of at least about 150° C., particularly at least
about 160° C., and more particularly at least about 170° C.
[0020] Other properties of the solvent that may be consid-
ered in selecting the solvent include solubility of the solvent
in water, solubility of lignin in the solvent, and low toxicity of
the solvent. When the cooking liquor is a mixture of solvent
and water, a solvent that is completely miscible in water
provides uniform contact of the solvent with the lignocellu-
losic material during the pulping step.

[0021] In one embodiment, the solvent is selected so that
lignin is highly soluble in the solvent. A high solubility of
lignin in the solvent is desirable for favorable delignification
properties during the pulping step. The lignin solubility can
be determined by any suitable method. For example, it may be
estimated using Hansen’s three component solubility param-
eter or the Hildebrand total solubility parameter.

[0022] In one aspect, the process of treating a lignocellu-
losic material allows the production of high value-added
products besides pulp. For example, in one embodiment, at
least part of the hemicellulose extracted from the lignocellu-
losic material in the pre-extraction step is converted into the
solvent. For example, the solvent may be produced at a yield
of at least about 30%, more particularly at least about 40%,
from the extracted hemicellulose. In another embodiment, the
sugars in the waste stream at the end of the overall process are
separated and converted into the solvent. The solvent for use
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in the solvent pulping step may be one that can be produced
from the separated hemicellulose and/or other sugars by
chemical and/or biological conversion or other means.
[0023] Inanother embodiment, at least part of the solvent at
the end of the solvent pulping step is recovered and recycled
into the solvent pulping process. For example, a closed cycle
solvent recovery process may be developed for the recovery
and recycling of the solvent. The solvent for use in the solvent
pulping step may be one that can be relatively easily obtained
in purified form from the pulping liquor. For example, it may
be advantageous if the solvent can be separated by crystalli-
zation at low temperature or by a simple conversion to an
insoluble compound.

[0024] The solvent used in the pulping step can be either
organic or inorganic. In one embodiment, the solvent is an
organic solvent, and in a more particular embodiment it is an
oxygen-containing organic solvent. Some nonlimiting
examples of solvents that may be used include 1,3-pro-
panediol, 1,4-butanediol, tetrahydro-furfuryl alcohol, suc-
cinic acid, levulinic acid, lactones derived from hydroxy pro-
pionic or hydroxyl butyric acid, or mixtures thereof.

[0025] Insomeembodiments,in addition to the solvent, the
cooking liquor for the solvent pulping step further comprises
water or other aqueous cooking medium mixed with the sol-
vent. The solvent and the water can be used in any suitable
amounts. In one embodiment, the cooking liquor has a ratio of
solvent to water within a range of from about 1:1 to about 5:1,
and more particularly within a range of from about 2:1 to
about 4:1.

[0026] Besides the water and solvent, the cooking liquor for
the solvent pulping step can contain other materials that ben-
efit the process. In one embodiment, the addition of sulfurand
sodium is avoided because of catalyst poisoning concerns.
Potassium as an additive may be considered because this is
naturally present in wood and will dissolve in the cooking
liquor.

[0027] Any suitable process conditions can be used in the
solvent pulping step. In one embodiment, the use of a high
boiling solvent allows the pulping step to be conducted at a
relatively low pressure which may result in safer operating
conditions and/or lower capital costs.

[0028] The solvent pulping step can be conducted at any
suitable temperatures. In one embodiment, the cooking liquor
during the pulping step has a temperature within a range of
from about 180° C. to about 250° C., and more particularly
from about 200° C. to about 230° C. Any suitable pulping
time can be used. In one embodiment, the pulping step is
conducted for a time within a range of from about 20 minutes
to about 150 minutes.

[0029] Any suitable equipment can be used for the solvent
pulping step. Various types of reaction vessels called digest-
ers are well known in the art for use in pulping processes. For
example, the equipment may be a batch or continuous
digester or a displacement digester.

[0030] As shown in FIG. 1, the pulp may be washed fol-
lowing the pulping step. Any suitable pulp washing method
can be used, such as contacting the pulp with a wash water to
remove impurities and remaining solution from the pulp. In
one embodiment, the pulp is thoroughly washed first with a
solvent-water mixture and then with water in a countercurrent
washing system. The washing step produces unbleached pulp
and spent liquor.

[0031] The spent liquor leaving the washing step will con-
tain mostly degraded lignin and dissolved sugars. In one
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embodiment of the process, most of the high molecular
weight lignin is precipitated in a first treatment stage follow-
ing the washing. The lignin can be precipitated by any suit-
able method, for example by acidification (sulfuric acid or
CO,) of the spent liquor. In one embodiment, sugar compo-
nents and low molecular lignin still remaining in the liquor
are then removed in a second treatment stage. Any suitable
separation technology can be used for this stage. Some
examples of possible separation technologies are ion-ex-
change or membrane filtration. The purified liquor may be
reused in the next pulping process with addition of some
make-up solvent. The lignin and sugar components in the
spent pulping liquor may be converted into more valuable
chemical products such as diols and diacids, which may also
be used as make-up for the pulping solvent.

[0032] Insome embodiments, the overall process will pro-
duce bio-based chemicals in three separated extraction
streams as well as bleachable grade pulp and paper.

[0033] In some embodiments, the process further includes
an adsorption step in which hemicellulose is adsorbed on the
pulp. FIG. 1 shows an adsorption step following the pulp
washing step. In the illustrated embodiment, part of the aque-
ous solution containing the extracted hemicellulose from the
pre-extraction step bypasses the pulping step and pulp wash-
ing and is combined with the pulp in the adsorption step. The
term “adsorbed”, as used herein, includes any mechanism by
which the hemicellulose is combined with the pulp, such as
adsorption, absorption, coagulation, coprecipitation, or the
like. The hemicellulose can be adsorbed on the pulp in any
suitable manner. For example, the washed pulp can be con-
tacted with the aqueous solution from the pre-extraction step
to adsorb a portion of the dissolved wood sugars including
hemicellulose onto the pulp fibers. Alternatively, the hemi-
cellulose adsorbed on the pulp in the adsorption step could be
derived from another source.

[0034] Insomeembodiments, adsorption times are equal to
or greater than 5 minutes, e.g. from about 5 to about 100
minutes, and pulp consistency is from about 1% to about
15%. In some embodiments, adsorption pH is 7 or greater and
adsorption temperature is within a range of from about room
temperature to about 150° C. The adsorption of the hemicel-
Iulose and other sugars on the pulp increases the pulp yield. In
one embodiment, the pulp yield at the end of the adsorption
step is higher than the pulp yield of a process that includes the
same pulping step without the pre-extraction and adsorption
steps. For example, the pulp yield may be increased by at least
about 1%, or by at least about 3%, on a dry material weight
basis. For example, the total pulp yield may be at least about
47%. In another embodiment of the process that does not
include the adsorption step, the total pulp yield may be at least
about 45%. The pulp produced by the process may be stronger
and better in overall quality than a kraft pulp.

[0035] As shown in FIG. 1, the pulp at the end of the
adsorption step may be referred to as a brown stock pulp.
Additionally, the process may result in a sugar rich extract
following the adsorption step, which is the aqueous solution
including any hemicellulose and other sugars that are not
adsorbed on the pulp during the adsorption step. This sugar
rich extract is a feed stream which is available for the produc-
tion of value-added materials.

[0036] Optionally, the process can also include subjecting
the brown stock pulp to delignification and/or bleaching to
lighten or brighten the color of the pulp. For example, a lighter
colored pulp is desirable for applications such as paper mak-
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ing. Any suitable process(es) can be used, such as delignifi-
cation and bleaching of the pulp with elemental chlorine,
oxygen or ozone. However, in one embodiment the pulp is
delignified and/or brightened without the use of chlorine. For
example, the bleaching step may include oxygen delignifica-
tion, ozone delignification and/or hydrogen peroxide bright-
ening. In a particular embodiment, the pulp is bleached using
atotally chlorine free (TCF) sequence, which includes first an
oxygen delignification, followed by an ozone delignification,
and a final brightening by a hydrogen peroxide treatment.
[0037] Thepulp produced by the process can be used for the
production of paper and paperboard and a wide variety of
other applications.

[0038] Inaccordance with the provisions of the patent stat-
utes, the principle and mode of operation of this invention
have been described in its preferred embodiments. However,
it must be understood that this invention may be practiced
otherwise than as specifically described without departing
from its spirit or scope.

What is claimed is:

1. A process of treating a lignocellulosic material compris-
ing:

in a pre-extraction step, extracting hemicellulose from the

lignocellulosic material; and then

in a solvent pulping step, separating the lignocellulosic

material into pulp by contacting the lignocellulosic
material with a cooking liquor comprising a solvent.

2. The process of claim 1 wherein the solvent has a boiling
point of at least about 150° C.

3. The process of claim 1 wherein the cooking liquor fur-
ther comprises water.

4. The process of claim 3 wherein the solvent is completely
miscible in the water.

5. The process of claim 1 wherein lignin is highly soluble
in the solvent.

6. The process of claim 1 wherein the solvent is an oxygen-
containing organic solvent.

7. The process of claim 1 wherein the solvent is selected
from the group consisting of 1,3-propanediol, 1,4-butanediol,
tetrahydrofurfuryl alcohol, succinic acid, levulinic acid, lac-
tones derived from hydroxy propionic or hydroxyl butyric
acid, and mixtures thereof.

8. The process of claim 1 wherein the cooking liquor
excludes sodium and sulfur.

9. The process of claim 1 wherein the cooking liquor has a
ratio of solvent to water within a range of from about 1:1 to
about 5:1.

10. The process of claim 1 wherein the cooking liquor has
a temperature within a range of from about 180° C. to about
250° C.

11. The process of claim 1 further comprising converting at
least part of the extracted hemicellulose into the solvent.

12. The process of claim 1 further comprising recovering
and recycling at least part of the solvent from the solvent
pulping step.

13. The process of claim 1 wherein the total pulp yield is at
least about 45%.

14. The process of claim 1 wherein the pre-extraction step
comprises contacting the lignocellulosic material with an
aqueous solution having a pH within a range of from about 4.5
to about 9.5 when measured at a temperature of 20° C.

15. The process of claim 1 wherein the pre-extraction step
extracts at least about 4% of the lignocellulosic material on a
dry weight basis.
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16. The process of claim 1 further comprising an adsorp-
tion step, after the pulping step, in which hemicellulose is
adsorbed on the pulp.

17. The process of claim 1 further comprising a bleaching
step, after the solvent pulping step, in which the pulp is
delignified and/or brightened without the use of chlorine.

18. The process of claim 17 wherein the pulp is bleached
using a totally chlorine free sequence, which includes first an
oxygen delignification, followed by an ozone delignification,
and a final brightening by a hydrogen peroxide treatment.

19. The process of claim 1 further comprising a separation
step in which sugar components and low molecular weight
lignin are separated from spent liquor after the solvent pulp-
ing step.

Aug. 21, 2008

20. A process of treating a lignocellulosic material com-
prising:
in a pre-extraction step, extracting hemicellulose from the
lignocellulosic material; then

in a solvent pulping step, separating the lignocellulosic
material into pulp by contacting the lignocellulosic
material with a cooking liquor comprising a solvent
having a boiling point of at least about 170° C.; and then
recovering and recycling at least part of the solvent from
the solvent pulping step.
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